Background: While clinicians are expected to routinely assess and address suicide risk, existing data provide little guidance regarding the significance of visit-to-visit changes in suicidal ideation.
INTRODUCTION
Research regarding suicide risk in clinical populations has typically focused on identifying who is at risk of suicidal behavior or suicide death. This research has identified several stable patient characteristics associated with long-term risk of suicidal behavior, including psychiatric diagnoses, history of suicide attempt, and exposure to stressful life events (Hawton & van Heeringen, 2009; Mann et al., 2005; Nock et al., 2008) . Recent research in U.S. military and veteran populations has found that similar stable patient characteristics predicts risk of Abbreviation: HR, hazard ratio suicide after a psychiatric hospitalization (Kessler et al., 2015) or a mental health outpatient visit (Kessler et al., 2017; McCarthy et al., 2015) .
Clinicians face a more challenging task: identifying when an individual patient is at higher or lower risk. Decisions regarding intensive monitoring or hospitalization require clinicians to assess and respond to changes in risk between visits. Available evidence offers little help with those decisions (Bolton, Gunnell, & Turecki, 2015; Glenn & Nock, 2014; Ribeiro et al., 2016) Bolton et al., 2015) do recommend adjusting follow-up according to current risk, but do not address visit-to-visit changes in suicidal ideation.
We have previously reported that thoughts of death or self-harm measured by item 9 of the commonly used Patient Health Questionnaire or PHQ9 (Kroenke, Spitzer, & Williams, 2001; Kroenke, Spitzer, Williams, & Lowe, 2010 ) identify individuals at long-term risk for suicide attempt and suicide death (Simon et al., 2013 (Simon et al., , 2016 . Practicing In response to these developments, healthcare systems have increased use of the PHQ9 in both primary care and specialty mental health clinics. As clinicians and health system managers encounter large numbers of patients reporting frequent thoughts of death or selfharm, two practical questions have arisen: Does an apparent decrease in suicidal ideation (i.e., decreasing score on PHQ9 item 9) actually imply a decrease in risk of subsequent suicidal behavior? Does the apparent onset of suicidal ideation imply an increase in risk compared to preexisting or "chronic" suicidal ideation? Here we use longitudinal data from over 100,000 patients receiving mental health care in four large health systems to examine those two practical questions.
METHODS
Data were drawn from four health systems (Group Health Coopera- and all four routinely recorded ICD-9 E-code diagnoses, allowing accurate ascertainment of suicide attempts (Lu et al., 2014) . Across these systems, electronic health records and insurance claims have been organized in a Virtual Data Warehouse to facilitate population-based research (Ross et al., 2014) . Institutional Review Boards at each health system approved use of de-identified health system data for this research.
The PHQ9 is a widely used self-report questionnaire assessing symptoms of depression during the prior 2 weeks (Kroenke et al., 2001 (Kroenke et al., , 2010 . Item 9 asks how frequently the respondent has experienced "thoughts of death or of hurting yourself in some way," with response categories including "not at all," "several days," "more than half the days," and "nearly every day". In general medical clinics, questionnaires were administered by nursing staff prior to the physician visit or by the physician during the visit. Some mental health clinics routinely administered the PHQ9 prior to every visit, and some relied on providers to administer it as clinically indicated.
The study sample included PHQ9 results in electronic health records between January 1, 2007 and December 31, 2013. We selected all PHQ9 records with a previous PHQ9 result less than or equal to 90 days prior (i.e., all pairs of adjacent PHQ9 results separated by no more than 90 days). The second observation in every pair was considered the index visit for assessment of subsequent risk. Any individual patient could contribute multiple pairs of PHQ9 observations to this sample (e.g., a patient with four PHQ9 results could contribute up to three distinct pairs if intervals between consecutive questionnaires were no more than 90 days). To exclude screening questionnaires, the sample was limited to questionnaires completed at mental health specialty visits and questionnaires completed at general medical visits associated with current or recent mental health diagnoses or prescriptions.
Nonfatal suicide attempts during the 90 days after each index visit were identified using electronic health records (for services provided at health system facilities) and insurance claims (for services provided by external providers or facilities). Qualifying diagnoses included:
1. ICD-9 diagnosis of self-inflicted injury or poisoning (E950 through E958). We have previously reported (Simon & Savarino, 2007; Simon et al., 2013; Simon, Savarino, Operskalski, & Wang, 2006 ) that validation by clinician review of 200 full-text medical records found a positive predictive value of 100% for the first criterion for suicide attempt, 80%
ICD-9 diagnosis of injury or poisoning considered possibly selfinflicted (E980 through E988).

ICD-
for the second, and 86% for the third.
To evaluate the proportion of medically treated suicide attempts that might be missed by this method, we examined the proportion of emergency department and hospital encounters for injury or poisoning in which a cause-of-injury code (or E-code) was not recorded (Simon & Savarino, 2007) . In 2010, the proportion of injury or poisoning encounters with no E-code ranged from 11 to 26% in these four health systems (Lu et al., 2014) .
Suicide deaths during the 90 days after each index visit were identified using state death certificate records, including ICD-10 cause-of-death codes for definite self-inflicted injury (X60 to X84) or possible self-inflicted injury (Y10 through Y34). Partly conditional Cox proportional hazards regression (Zheng & Heagerty, 2005) was used to estimate the association between response to item 9 and risk of any subsequent suicide attempt after stratifying the baseline hazard function on site and accounting for potential confounders (age, sex, and race/ethnicity). The hazard associated with responding "nearly every day," "more than half the days," and "several days" was compared to the hazard associated with responding "not at all" (the reference group). Models also considered all possible combinations of responses at the index and previous visits. Step-wise model fitting examined the contribution of item 9 response at the index visit, then the added contribution of item 9 response at the previous visit, and then the interaction between those two item 9 response (i.e., total of 15 indicators to account for 16 possible combinations). Confidence intervals were constructed using the robust sandwich estimator to calculate the standard errors to account for multiple pairs of PHQ9 responses per person (Lin & Wei, 1989) . We report hazard ratio (HR) estimates and 95% confidence intervals for estimates as well as Wald (Rotnitzky & Jewell, 1990; Wald, 1945) evaluating if any of a group of covariates adds predictive value of the model for suicide attempt or death. Analyses were conducted using Stata version 13.1 (StataCorp, College Station, TX).
P-values
RESULTS
The criteria described above identified 430,701 pairs of item 9 responses for 118,696 patients, including 55,819 patients (47%) contributing a single pair, 21,121 (18%) contributing two pairs, 23,124 (19%) contributing three to five pairs, 9,393 (8%) contributing six to nine, and 9,239 (8%) with 10 or more. Of these patients, 80,694 (68%) were female. The racial and ethnic distribution was 80,192 (68%) non-Hispanic White; 6967 (6%) non-Hispanic Black; 14,758 (12%) Hispanic; 3745 (3%) Asian; 612 (<1%) Native Hawaiian/Pacific Islander; 260 (<1%) Native American/Alaskan Native; 3119 (3%) reporting multiple or mixed race; and 9043 (8%) from other groups or missing information regarding race and ethnicity. Index encounters included 305,951 (71%) with specialty mental health providers, 62,801 (15%) with primary care providers, and 61,949 (15%) with emergency departments or other medical specialties. Within each pair, the interval between visits with PHQ9 responses was 14 days or less for 146,752 (34%), 15 to 30 days for 122,011 (28%), 31 to 44 days for 72,238 (17%), and 45 to 90 days for 89,700 (21%).
As shown in Table 1 , approximately 3% of patients reported thoughts of death of self-harm "nearly every day" and approximately 5% reported such thoughts "more than half the days" at the index visit.
Agreement in item 9 responses between visits was moderate, with a weighted kappa statistic (Cohen, 1960) of 0.46 (T = 413, P < .001).
Approximately, 9,700 patients showed an apparent resolution of frequent suicidal ideation, shifting to "not at all" from "more than half the days" or "nearly every day." Approximately, 5,400 showed an apparent onset of frequent suicidal ideation, shifting to "more than half the days" or "nearly every day" from "not at all."
Medical records, insurance claims, and death certificate data iden- In a model stratified on site, containing age, sex, race/ethnicity, and response to item 9 at the index visit, the addition of item 9 response at the prior visit made a significant additional contribution to prediction (Wald chi-square = 72.9, df = 3, P < .0001). Interaction of index and prior responses made significant additional contribution (Wald chisquare = 53.7, df = 9, P < .0001). In Appendix Table A1 , we report the coefficient estimates and 95% confidence intervals for the HRs estimates in each of those three models. The implications of an apparent onset of suicidal ideation between visits are illustrated by the upper right portion of Table 2 . Among those reporting suicidal ideation "not at all" at the prior visit, an increase to "nearly every day" at the index visit was associated with a more than sevenfold increase in risk compared to those reporting suicidal thoughts "not at all" on both occasions. But risk of suicide attempt was higher still in those reporting frequent suicidal thoughts on both occasions (bottom right corner). Direct comparison of those repeatedly reporting frequent suicidal thoughts (lower right) and those reporting apparent onset of frequent suicidal thoughts (upper right) yielded a HR of 1.66 (95% CI: 1.03-2.68).
TA B L E 1 Cross-classification of PHQ9 item 9 responses at the index encounter and most recent prior encounter
F I G U R E 1 Cumulative risk of any suicide attempt according to response to PHQ9 item 9. Four panels are stratified by item 9 response at most recent prior encounter, and lines within each panel show risk according to item 9 response at index visit Upper right, shaded section indicates an increase in frequency of reported suicidal ideation from previous visit. Lower left indicates a decrease in frequency of reported suicidal ideation from previous visit, while diagonal represents no change in frequency of reported suicidal ideation.
TA B L E 2
Estimated relative hazards of suicide attempt or suicide death (with 95% confidence interval) according to index visit response and most recent prior responses to PHQ9 item
DISCUSSION
In this large and diverse sample of outpatients treated in four health systems, increases or decreases in response to PHQ9 item 9 were asso- Regarding apparent decreases in frequency of suicidal ideation: Our data support the common clinical recommendation that a decrease in frequency of suicidal thoughts implies a true decrease in shortterm risk of suicidal behavior and decreased need for more intensive treatment or monitoring. We should emphasize, however, that the apparent "resolution" of suicidal ideation (as assessed by item 9 of the PHQ9) does not imply that short-term risk declines to the level of those never reporting suicidal thoughts. A past report of frequent suicidal ideation does imply some enduring vulnerability. In quantitative terms, a change from reporting suicidal ideation "nearly every day" to "not at all" implies a 75% reduction in short-term risk, but risk remains three times as high compared to those without recent suicidal ideation.
We do not find that apparent onset of suicidal ideation implies some special increase in risk. In fact, we observe that those reporting thoughts of death or self-harm "nearly every day" at two consecutive encounters were 65% more likely to attempt suicide over the following 90 days than were those who appeared to report the onset of frequent suicidal ideation between visits. We find no evidence that repeated endorsement of suicidal ideation or "chronic suicidality" implies a lower level of risk or a lower need for risk assessment or follow-up.
Our analyses focus on visit-to-visit changes in response to PHQ9 item 9, and we do not examine more stable patient characteristics, including age, sex, race/ethnicity, diagnosis, and clinical history. As indicated by previous research (Kessler et al., 2015 (Kessler et al., , 2017 McCarthy et al., 2015) , considering those characteristics would certainly improve risk prediction and facilitate identifying patients at highest risk. Those stable characteristics cannot, however, inform decisions regarding shortterm changes in risk.
Included patients represent a wide range of age, race/ethnicity, and socioeconomic status. Consequently, we believe these results should be broadly generalizable to patients receiving outpatient mental health care in the United States. We have no data, however, regarding people who do not seek care, who decline to complete questionnaires, or who drop out of care after a completing a single questionnaire.
Limiting our sample to patients making repeated visits would be expected to select those at higher risk of suicide attempt, and this is confirmed by comparison of this sample with our previous reports (Simon et al., 2013 (Simon et al., , 2016 including all patients completing PHQ9 questionnaires.
Our data regarding suicidal ideation are limited to thoughts of death or self-harm self-reported on a brief depression questionnaire. We cannot determine how these results might apply to more detailed assessments specifically focused on suicide risk, suicidal intent, or suicide plans (Beck et al. 1999; Bolton et al., 2015; Posner et al., 2011) .
Treating clinicians were aware of PHQ9 responses and were expected to provide additional assessment and follow-up care, including possible hospitalization. The suicide attempts and suicide deaths in this sample occurred despite any such treatment intensification.
Our ascertainment of suicide attempts may have included some instances of minor self-inflicted injury without suicidal intent, but this proportion would be small. Only 16% of nonfatal suicide attempts were by self-inflicted injury, and 58% of all nonfatal attempts resulted in hospitalization.
We cannot determine whether these findings apply specifically to suicide deaths. We have previously reported that response to PHQ9 item 9 is a robust predictor of suicide death over 12 to 18 months (Simon et al., 2013 (Simon et al., , 2016 . But the number of suicide deaths over 90 days in this sample (49) was too small to support any interaction or subgroup analyses regarding changes in suicidal ideation between visits. The numbers of suicide deaths according to item 9 responses at the index visit and prior visit are reported in Appendix Table A2 .
From a population perspective, our findings offer guidance regarding the implications of suicidal ideation for the long-term and short-term risk of suicidal behavior. As we have previously reported, outpatients who report frequent thoughts of death or self-harm at a visit remain at significantly higher risk of suicide attempt and suicide death for up to 2 years after the heath care visit (Simon et al., 2013 (Simon et al., , 2016 ). An elevated score for item 9 of the PHQ9 depression questionnaire identifies patients in need of long-term monitoring and sustained interventions to reduce risk. As we report here, short-term decreases in response to item 9 do indicate a reduction in near-term risk, but not an elimination of that risk.
For practicing clinicians, our findings suggest that current suicidal ideation is a powerful indicator of near-term risk, independent of past reports of suicidal ideation. Individuals who reported thoughts of death or self-harm at a prior visit remain at moderately increased risk even if they report no such thoughts at the current visit. While the apparent onset of suicidal thoughts does predict significant risk, risk is actually highest for patients reporting sustained or repeated thoughts of death or self-harm.
